INTRODUCTION
Several studies have analyzed the adaptive mechanisms which control the amplitude of saccadic eye movements, using the double-step target paradigm pioneered by McLaughlin. 1 It was found that the adaptation of automatic visually guided saccade (VGS) toward a suddenly presented visual target does not transfer to voluntary saccades (like scanning saccades toward permanent targets or memory-guided saccades), indicating that the adaptation of these different saccade types relies on partly separated mechanisms. 2−4 Concerning automatic VGS, adaptive mechanisms have been shown to rely on the medial part of the cerebellum, but the levels along the visuosaccadic pathways where oculomotor commands are modified during adaptation are still debated (see discussion in Desmurget et al. 5 ).
In the current study, we tested in human subjects the transfer of automatic horizontal VGS adaptation to saccades elicited by the simultaneous presentation of two visual targets vertically separated and located symmetrically around the position where the target of trained VGS had been presented. We were particularly interested in the averaging saccades which were directed toward an intermediate position between the two stimuli and which described a vector similar to that of the horizontal trained VGS. The rationale is illustrated in FIGURE 1 (panels A−C). If the adaptation of VGS modifies the visuosaccadic pathways at a level at which the two oblique saccadic components directed toward each of the two targets presented separately are encoded, upstream of the level of integration into a single motor command (hypothesis 1), then the transfer to averaging saccades should equal the mean of amplitude modifications of the two oblique VGS. Conversely, if adaptation acts downstream (hypothesis 2), then the transfer should equal the amplitude modification of the horizontal VGS. 
MATERIALS AND METHODS
Three subjects have been tested, the two authors and one naive subject. They sat in a dimly illuminated room, with their head immobilized by a chin rest, and looked at red light−emitting diodes (targets) located on a concave spherical target board (distance 1.1 m). At the beginning of a trial, the fixation point (FP) located at the center of the board was replaced by a target presented at a single eccentricity of 17.5°a nd along different directions relative to the azimuth (step 1). During the adaptation condition (FIG. 1A) , three targets, A, O, B (directions of +40°, 0°, and −40°, respectively), were used for step 1. The target stepped again during the saccade (step 2) to elicit both a decrease of the 0° saccade (5° = 28% backward training) and an increase of the ±40° oblique saccades (2.5° = 14% forward training). Two hundred fifty-six backward trials for the 0° direction and 128 trials for each oblique direction were interleaved in a random order. This adaptation condition was preceded and followed by a test condition (pre-and posttest, respectively). During the test condition, a single target was presented along nine different directions (0°, ±10°, ±20°, ±30°, and ±40°), and sometimes targets A and B (+40° and −40°) were presented simultaneously to elicit averaging saccades. In all test condition trials, the target was switched off during the saccadic response. For each pre-and posttest condition, a total of 144 single (16 for each direction) and 24 double-target trials were randomly presented. Other information regarding the recording and analyses of eye movements can be found in Alahyane and Pélisson, this volume.
RESULTS AND DISCUSSION

Adaptation of VGS
In pilot experiments, we found that submitting only the O-VGS to a 24% backward training produced a significant decrease of the amplitude of that saccade (12.5%, n = 2 subjects) as well as that of all oblique VGS, including the A-and B-VGS (mean decrease = 11.8%). Because of this unexpected (according to the notion of vector-specific saccade adaptation; see, e.g., Deubel et al. 6 ; Frens et al. 7 ) generalization of adaptation to different saccade directions, we used in the main experiment the dual adaptation protocol described in MATERIALS AND METHODS. This protocol successfully led to a selective training of the O-VGS relative to A-and B-VGS. Indeed, the O-VGS amplitude was significantly reduced (−13.1%, n = 3 subjects, t-test : P < 0.001), whereas the A-and B-VGS showed an opposite, although not statistically significant, change of amplitude (mean = +8.4%, t-test P = 0.2). 
Transfer to Averaging Saccades
The mean data from our group of three subjects are depicted in FIGURE 1D. It can be seen that the change of averaging saccade amplitude after the dual adaptation session is in the same direction as that of the O-VGS but in the opposite direction relative to the amplitude changes of the A-and B-VGS. We quantitatively compared the percentage of change of averaging saccade amplitude after adaptation [100*(posttest − pretest)/pretest] to the predicted amplitude changes according to hypothesis 1 (predicted change X = mean of percentage of changes of A-VGS and of B-VGS) and to hypothesis 2 (predicted change Y = percentage of change of the O-VGS). We found that the amplitude change of the averaging saccade (−5.6%) differs significantly from the X-value (8.4%; paired t-test, P < 0.01) but not from the Y-value predicted from hypothesis 2 (−13.1%, paired t-test, P = 0.3).
In conclusion, our results indicate that horizontal VGS adaptation transfers to averaging saccades, which is not consistent with hypothesis 1. However, the limited transfer rate (43%) from horizontal VGS adaptation to averaging saccades is also inconsistent with hypothesis 2 which predicts a complete transfer, although this difference could not be established statistically on our small subject group. Further recordings and analyses thus will be necessary to confirm that the data are not consistent with either of these two mutually exclusive hypotheses. This will allow us to infer the level(s) of VGS adaptation, based on the hypothesis that the programming of averaging saccades may occur at the level of the superior colliculus motor map or upstream. 8, 9 
